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© Silicone organic conformai coatings. 



© An ultraviolet radiation curable composition of a silicone resin containing phenyl and vinyl bearing siloxane 
units and having a degree cf : substitution of from 1.2 to 1,8, an organic mercaptan, an acrylate monomer, a 
photoinitiator and a free radical inhibitor are useful as conformai coatings for electronic printed circuit boards. 
These conformai coatings exhibit improved corrosion resistance, adhesion to printed circuit board substrates and 
thermal resistance. 
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This invention relates to ultraviolet radiation curable compositions and more specifically to compositions 
which contain aliphatic unsaturated functional polysiloxane. mercapto functional compounds and acrylate 
compounds and are useful as conformal coatings. 

Rapid radiation curable silicone compositions can be prepared from vinyl functional silicone inter- 

5 mediates and mercapto functional silicone intermediates. Such compositions are described in U.S. Patent 
No. 4,780,486, issued October 25, 1988. to Chi-long Lee and Michael A. Lutz (Lee et al). The resultant 
cured films derived from these compositions exhibited relatively low toughness, modulus, solvent resistance 
and adhesion. A need exists for rapid, radiation curable silicone compositions which cure to films which 
exhibit improved toughness and higher modulus, solvent resistance and adhesion. The compositions 

10 described by Lee et a! contain alkenyl functional, linear triorganosiloxy endblocked polydiorganosiloxane. a 
mercapto functional cross linker, a photosensitizer, an amine storage stabilizer and a reinforcing agent. Lee 
et al describe compositions which are useful as primary coatings for optical fibers with a high refractive 
index as containing dimethyivinylsiloxy endblocked polydiorganosiloxane having siloxane units selected 
from dimethylsiloxane units, methylphenylsiloxane units and diphenylsiloxane units where at least 30 

is percent of the organic radicals are phenyl, a mercapto organic compound selected from at least one of 

CH 3 C(CH 2 OOCCH 2 SH) 3t 
{(HSCH 2 CH2COOCH2)3CCH 2 }20, 
C(CH 2 OOCCH 2 CH 2 SH)i, 
20 C(CH 2 OOCCH 2 SH) 4l 

CH 3 c(CH 2 OOCCH 2 CH 2 SH) 3f 
CH 3 CH 2 C(CCH 2 OOCCH 2 CH 2 SH) 3 . 
CH 3 CH 2 C(CH 2 OOCCH 2 SH) 3 , 

25 photoinitiator and viscosity stabilizers. Such compositions are useful as primary coatings for optical fibers. 
Lutz et al in copending application Serial No. 07/462,201, filed January 9, 1990, teach an ultraviolet radiation 
curable composition of a silicone resin containing phenyl and vinyl bearing siloxane units and having a 
degree of substitution of from 1.2 to 1.8. an organic mercaptan, a photoinitiator and a free radical inhibitor. 
These compositions are useful for coating paper, plastic and glass. These compositions can be varied in 

30 crosslinked density, flexibility of the cured products and the modulus of the cured products by controlling 
the amount of aliphatically unsaturated radicals in the silicone resin and the average degree of substitution 
of the silicon atoms by silicon-bonded carbon groups. The compositions cure rapidly to films with slick, 
tough surfaces and exhibit good adhesion to many substrates when exposed to ultraviolet radiation. In 
situations where shadow cure is desirable, an organic peroxide can be added to the composition. These 

35 compositions, however, suffer from low corrosion resistance to copper, poor to moderate adhesion to 
printed circuit board substrates and insufficient thermal resistance in many applications in which conformal 
coating are expected to retain there original properties at high temperatures. 

An object of the present invention is to improve the composition described by Lutz et al in the 
copending application by improving the corrosion resistance, the adhesion and the thermal resistance. The 

40 presence of the acrylate compounds in the compositions as described herein accomplish this objective. 

This invention relates to a composition consisting essentially of a silicone resin having a general 
average unit formula 

R a SiO(4^y2 

45 

in which each R in each unit is independently a monovalent organic radical where at least 10 mole percent 
of the total R are phenyl radicals and at least two R per molecule are aliphatic unsaturated radicals which 
react with mercapto functionality and a has an average value of from 1.2 to 1.8; 

an organic mercaptan composed~of carbon, hydrogen, sulfur and oxygen in which there is at least two 
so mercapto groups per molecule; 

an acrylate monomer having at least one acrylate group per molecule in an amount of at least one 
weight percent based on the total weight of the composition; 

an effective amount of photoinitiator to cause the composition to cure upon exposure to ultraviolet 
radiation; and 

55 an effective amount of a free radical inhibitor to delay gellation during storage. 

The composition has more than two aliphatic unsaturated radicals per molecule in the silicone resin 
when the organic mercaptan has two mercapto groups per molecule or more than two mercapto groups per 
molecule in the organic mercaptan when the silicone resin has an average of two aliphatic unsaturated 
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radicals per molecule or both more than two aliphatic unsaturated radicals per molecule in the silicone resin 
and more than two mercapto groups per molecule in the organic mercaptan and amount of silicone resin 
and organic mercaptan being such that there is from 0.5 to 1.5 aliphatic unsaturated radicals in the silicone 
resin for each mercapto group in the organic mercaptan. 
5 The silicone resins of the present invention contain aliphatic unsaturated radicals which react with 
mercapto functionality. These silicone resins have an average of 1.2 to 1.8 organic radical bonded per 
silicon atom and at least 10 mole percent of the organic radicals are phenyl. The silicone resins have per 
molecule at least two aliphatic unsaturated radicals which react with mercapto functionality. The silicone 
resin has a general average unit formula 

10 

R a SiO(4^y2 

in which a has an average value of from 1.2 to 1.8 and R is a monovalent organic radical where at least 10 
mole percent of the R are phenyl radicals and at least two R per molecule are aliphatic unsaturated radicals 

75 which react with mercapto functionality. The general average unit formula is the summation of individual 
siloxane units which are S1O2 units, RSi0 3/2 units, R2SiO units, RaSiOi/2 units and each R in each siloxane 
unit is independently selected from the group as defined herein. Each siloxane unit does not need to be 
present in each silicone resin, but the siloxane units which are present need to provide an average value for 
a of from 1.2 to 1.8. R can be independently selected from an alkyl, alkenyl, halogenated alkyl or aryl. The 

20 alkyl radicals can be illustrated by methyl, ethyl, propyl, isopropyl, butyl, hexyl and octyl. The alkenyl 
radicals can be illustrated by vinyl, allyl, cyclohexenyl, 1 ,2-butenyl and 1 ,2-hexenyl. The halogenated alkyl 
radicals can be illustrated by 3,3,3-trifIuoropropyl and other chlorinated, fluorinated and brominated alkyl 
radicals wherein hydrogen atoms of the alkyl radicals are replace with a halogen atom. The preferred 
alkenyl radicals are vinyl and hexenyl. Other preferred radicals are methyl, propyl, 3,3,3-trifluoropropyl and 

25 phenyl. Preferred silicone resins are those which are made up of at least two siloxane units selected from 
the group consisting of monophenylsilsesquioxane units, monomethylsilsesquioxane units, dimethylsiloxane 
units, diphenylsiloxane units, methylvinylsiloxane units, dimethylvinylsiloxy units and trimethylsiloxy units. 
The preferred silicone resins contain from 20 to 80 mole percent monophenylsilsesquioxane units where the 
remaining siloxane units can be those listed above. A more preferred class of silicone resins are those 

30 made up of from 20 to 40 mole percent monophenylsilsesquioxane units, 10 to 20 mole percent 
monomethylsilsesquioxane units, 20 to 35 mole percent dimethylsiloxane units and 10 to 30 mole percent 
methylvinylsiloxane units. The silicone resins can be one resin or a blend of two or more resins. The 
silicone resins can contain residual silicon-bonded groups which result from their preparation, such as 
hydroxyl groups (Si-OH) and alkoxy groups (Si-OR). 

35 The silicone resins used in the present invention can be made by known methods. For example, 
cohydrolysis of hydrolyzable silanes can be used to make these silicone resins. The hydrolyzable silanes 
include the chlorosilanes, alkoxysilanes, ketoximosilanes and acetoxysiianes which correspond to the 
various siloxane units of the above silicone resin formula. To illustrate silanes which might be used to make 
a silicone'Vesin, one could cohydrolyze phenyltrichlorosilane, methyltrichlorosilane, trimethylchlorosilane and 

40 methylvinyldichlorosilane. The combination of silanes are chosen to provide from 1.2 to 1.8 silicon-bonded 
carbon groups per silicon atom, preferably from 1.4 to 1.65 silicon-bonded carbon groups per silicon atom. 
The combination of silanes are also chosen to provide a silicone resin having at least 10 percent phenyl 
groups based on the total number of silicon-bonded carbon groups in the silicone resin. Also the 
combination of silanes is such that there is at least two R per molecule containing aliphatically unsaturated 

45 radicals which react with the mercapto functionality. 

The crosslinked density, flexibility of cured products and the modulus of cured products are controlled 
by selecting the amount of aliphatically unsaturated radicals in the silicone resin and the average degree of 
substitution of the silicon atoms by silicon-bonded carbon groups. For example, increasing the average 
number of aliphatically unsaturated radicals per molecule increases the modulus and decreases the 

50 flexibility with other composition parameters remaining constant Increasing the average degree of substitu- 
tion of the silicon atom increases the flexibility and decreases the modulus with the other composition 
parameters remaining constant. These are general guidelines and the proportional increases and decreases 
in the modulus and flexibility can be varied with the kinds of other R groups, the amount of phenyl, the kind 
. of aliphatically unsaturated radicals and the kinds and amounts of each of the siloxane units present in the 

55 silicone resin. 

The organic mercaptan contains an average of at least two mercapto functional groups per molecule. In 
the compositions of the present invention, the number of aliphatically unsaturated groups per molecule in 
the silicone resin is more than two, if the number of mercapto functional groups in the organic mercaptan is 
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two or if the number of aliphatically unsaturated groups per molecule in the silicone resin is two, then the 
average number of mercapto functional groups per molecule in the organic mercaptan must be more than 
two. The compositions of the present invention can contain silicone resin having per molecule more than 
two aliphatically unsaturated groups per molecule and organic mercaptan having per molecule more than 
5 two mercapto functional groups. The organic mercaptans can be illustrated by the following: trimethylol- 
propane trithioglycolate, trimethylolpropane tri-(3-mercaptopropionate), trimethylolethane trithioglycolate, 
polyethylene glycol dimercaptoacetates, glycol dimercaptoacetate and dipentaerythritol hexa(3-mercapto- 
propionate). The preferred organic mercaptan is trimethylolpropane tri(3-mercaptopropionate). Mixtures of 
two or more organic mercaptans can be used. 

10 The compositions of this invention contain, as an ingredient to improve the corrosion resistance, 
improve the adhesion to printed circuit board substrates and improve the thermal resistance, an acrylate 
monomer. These acrylate monomers are illustrated by trimethylolpropane trimethylacrylate, pentaerythritoi 
tetraacrylate, ethoxylated trimethylolpropane triacrylate, pentraerytritol acrylate (contains three acrylate 
groups), di(trimethy!methylolpropane tetrataacrylate), trimethylolpropane triacrylate, di(pentraerythritol mon- 

15 ohydroxy pentaacrylate), hydroxylethyl acrylate, hydroxylpropyl acrylate, 4-hydroxy-n-butyl acrylate. isobor- 
nyl acrylate. properitary acrylates such as functionalized acrylates known as Sartomer 9008 (a triacrylate), 
Sartomer 9012 (an aliphatic triacrylate) and Sartomer 9013 (an aliphatic monoacrylate). These are sold by 
ARCO Chemical Company of Pennsylvania. The acrylates are used in amounts of one weight percent or 
more based on the total weight of the composition. 

20 Ultraviolet radiation capable of causing free radicals to form in the composition can be used to cure the 
composition of this invention. The ultraviolet radiation used to generate the free radical crosslinking reaction 
to effect polymerization of the composition and cure requires a photosensitization system. Examples of the 
photosensitization systems are known in the art, some specific photoinitiators include diethox- 
yacetophenone, benzophenone, dimethoxyphenylacetophenone, benzoin, 2-hydroxy-2-methyM - 

25 phenylpropan-1-one, with optional sensitizors such as N-methyldiethanolamine, diisopropylaminoethanol and 
amyldimethylaminobenzoate. 

The compositions of the present invention can be prepared by mixing the ingredients at room 
temperature with conventional mixing equipment. In some cases the blending of the ingredients can be 
accomplished by some heating. Heating these ingredients can create degradation if the temperatures 

30 become too high or the duration of the heating is for prolonged periods of time. The ingredients used to 
make the compositions of the present invention should be blended to make compatible mixtures. This 
compatibility is desirable to ensure that the cured products will form solid coherent coatings, films, sheets 
and encapsulants with consistent properties throughout. Incompatibility can cause weak spots, fisheyes and 
poor wetting of substrates on which the composition is deposited. 

35 A method of making cured films is accomplished by first preparing the composition by mixing the 
silicone resin, the organic mercaptan, the acrylate monomer, the photoinitiator and the free radical inhibitor 
to form a compatible, homogeneous blend, applying the composition to a substrate such as an electronics 
device and then irradiating the composition with ultraviolet radiation in an amount sufficient to cure the 
composition. 

40 The compositions of this invention contain an effective amount of a free radical inhibitor to delay 
gellation during storage. These free radical inhibitors include p-methoxyphenol (also know as MEHQ), 
catechol, 4-t-butylcatechol, phenothiazine, 2,6-di-t-butyl-p-methyl-phenol and N-phenyl-2-naphthylamine. 
The amounts of the free radical inhibitors are from zero to one weight percent based on the weight of the 
composition, more preferably from 0.01 to 0.25 weight percent The most preferred free radical inhibitors 

45 are r>methoxyphenol, phenothiazine and mixtures thereof. The presence of hydroquinone as a free radical 
inhibitor appears to be undesirable from the standpoint of preparing high modulus and tensile strength 
cured products. 

The compositions of the present invention cure very well, adhere well to electronic boards, have a mild 
odor and are clear. The presence of the acrylate compound in these compositions is vital to protect copper 

so from corroding. The compositions of the present invention exhibit improved adhesion by preventing salt 
water from creeping under the coating and corroding the metal. However, acrylates without the mercaptan 
compound exhibit insufficient cure and to obtain the excellent properties the silicone resin, mercaptan and 
acrylate are required. The thermal stability of the cured films made from the compositions of this invention 
can be expected to improve further by substituting hexenyl group for the vinyl group in the silicone resins. 

55 The compositions of this invention cure very rapidly compared to other ultraviolet radiation cured conformal 
coating compositions. They also can be cured in very deep sections when peroxide is added to them. 
These conformal coatings can be used as mar resistant conformal and protective coatings for printed circuit 
boards, gaskets for automobile engines, coatings for deep cross section pottants, optical fiber coatings 
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where the refractive index of these coatings is greater than 1 .49. 

The preferred composition consist essentially of silicone resin in an amount of greater than 35 weight 
percent, from 5 to 30 weight percent mercaptan compound, from 1 to 25 weight percent aery late 
compound, from 1 to 4 weight percent photoinitiator, less than 0.05 weight percent free radical inhibitor and 
5 when present organic peroxide in amounts of from 1 to 5 weight percent. The weight percentages are 
based on the total weight of the composition. 

It is also expected that the mercaptopropylsiloxane and mercaptobutyisiloxane containing polymers 
described in Lee et al may be useful as substitutes for the mercaptans of the present invention, especially 
those in which phenyl-containing siloxane units are also in the polymer. Additional modifications which may 
10 be useful include acrylate functional oligomers, other vinyl functional organic monomers, such as divinyl 
benzene and thiol functional silicone resins. 

The following examples are presented for illustrative purposes and should not be construed as limiting 
the invention which is properly delineated in the claims. "Part or parts" are parts by weight and the 
viscosities are values measured at 25 °C. Me = methyl, Ph = phenyl and Vi = vinyl. 

Example 1 

An ultraviolet radiation curable siloxane composition was prepared by mixing 100 parts of a silicone 
resin having the average siloxane unit formula 

20 

(MeSi0 3/2 ) 7 5 (PhSi0 3/2 ) 37 6 (Me 2 SiO) 30 ^MeViSiO)^ Q - 
(Me 3 SiO ) 4 8 (OH) h 

25 

which has a vinyl content of 5.2 weight percent, a value for h to provide an OH content of 1 .49 weight 
percent, a non-volatile content of 97.4 weight percent and a viscosity of 14.5 Pa # s, 26.92 parts of an 
organic mercaptofunctional compound having the formula 

30 

O 

» 

CH 3 CH 2 C ( CH 2 OCCH 2 CH 2 SH ) 3 

35 

{trimethylolpropane tri(3-mercaptopropionate)} [TMPTMP], 15.38 parts of tripropylene glycol diacrylate 
[TRPGDA], 7.69 parts of isobornyl acrylate [IBA], 3.08 parts of photoinitiator of the formula 

40 

O 

D 

HO(CH 3 ) 2 C-C-C 6 H 5 

45 

and 0.03 part of phenothiazine (Composition A). 

For comparison an ultraviolet radiation curable siloxane composition was prepared by mixing 100 parts 
of the silicone resin as described above in this example, 26.62 parts of TMPTMP, 2.99 parts of the 
photoinitiator as described above and 0.05 part of phenothiazine (Comparative Composition A). 

so The Composition A and the Comparative Composition A were each coated on four, 1 inch by 3 inch, 
copper coupons. The coating (8 mils wet thickness) was cured by irradiating with ultraviolet radiation a 
medium pressure mercury vapor arc lamp (200 watts per inch) housed in UVEXS LCU 750 unit, 
manufactured by UVEXS, Inc of Mountain View, California. Each coated coupon was given four passes 
through the unit at six feet per minute to cure the composition. 

55 The coupons with cured coating were exposed to 100 hours of salt fog according to ASTM-B-1 17-73. 
For a coating to pass this test, there must be no corrosion of the copper nor any softening, blistering, 
cracking or delamination of the coating. The four boards coated with Composition A passed this test with 
one board exhibiting a slight corrosion at the bottom of the coupon. The four boards coated with 
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Comparative Composition A failed by exhibiting corrosion of the copper, cracking and delamination. This 
shows that the presence of the aery late is vital to preventing corrosion of the copper coupons. 

A composition which exhibited shadow cure was prepared by the addition of 3 parts of l.l-bis-(t- 
butylperoxy) cyclohexane to Composition A. This composition cured to a depth of 3 inches when exposed 
5 to ultraviolet radiation as described above. Heating the composition caused the composition to cure, but the 
surface was tacky due to oxygen inhibition. The composition cured by ultraviolet radiation had a tack free 
surface. 

Example 2 

w 

Comparative compositions were prepared by mixing the ingredients shown in Table 1 . These composi- 
tions were tested by coating coupons, curing and testing in the same manner as described in Example 1 . 
The results were as shown in Table 2. 
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This data emphasized the need for both acrylate and silicone resin in the conformal coating compositions. 
Comparing Composition A with Comparative Composition D, showed that the thiol group preferred to cure 

so with the vinyl from the silicone resin rather than with the vinyl from the acrylate. Comparative Composition 
D coating was very tacky before and after the salt fog testing and felt like it had not thoroughly cured. 
Comparative Composition C felt very similar to Comparative Composition D which suggested that the 
sulfunvinyl in the silicone resin should be at least 1:1, because the acrylates do not cure well with the thiol 
(in this case the TMPTMP). When no acrylates were added to the formulation and the excess vinyl were 

55 present as in Comparative Composition B, the performance was the worst. It was believed that the acrylates 
help the adhesion which keeps the salt water from getting underneath the coating, thus causing the copper 
to corrode. Comparative Composition E supported this belief, where the sulfur to vinyl in the silicone resin 
is kept constant but acrylates were removed from the composition, the coating delaminated and cracked. 
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Example 3 

An ultraviolet radiation curable composition was prepared by mixing 65.6 parts of the silicone resin as 
described in Example 1, 17.5 parts of TMPTMP, 15 parts of a proprietary monofunctional aliphatic aery late 
5 identified as C-9013 which was manufactured by ARCO Chemical Company of Pennsylvania, 2 parts of the 
photoinitiator as described in Example 1 and 0.02 part of phenothiazine (Composition F). 

Another ultraviolet radiation curable composition was prepared by mixing the same ingredients as 
Composition F, except a Afunctional triacrylate ester identified as C-9012 which was manufactured by 
ARCO Chemical Company replaced the C-9013 (Composition G). 
10 Both compositions were coated on copper coupons and cured as described in Example 1. These 
coupons were tested for corrosion resistance by exposure to 100 hours in the salt fog chamber as 
described in Example 1. Cured coatings of both compositions passed the salt fog test and exhibited 
enhance corrosion resistance. 

7S Example 4 

An ultraviolet radiation curable composition was prepared as described in Example 1 Composition A 
except that a silicone resin containing 75 mole percent monophenylsilsesquioxane units and 25 mole 
percent dimethylvinylsiloxane units replaced the silicone resin of Composition A (this composition is 
20 identified as Composition H). 

Another ultraviolet radiation curable composition was prepared as described in Example 1 Composition 
A except that a silicone resin containing 27 mole percent monophenylsilsesquioxane units, 18 mole percent 
monomethylsilsesquioxane units, 18 mole percent dimethylsiloxane units, 12 mole percent diphenylsiioxane 
units and 25 mole percent methylvinylsiloxane units replaced the silicone resin of Composition A (this 
25 composition is identified as Composition I). 

Both Composition H and Composition I cured well. Composition H cured fasted and deeper than 
Composition I and were similar to Composition A. 

Claims 

30 

1. A composition consisting essentially of a silicone resin having a general average unit formula 

R a SiO(4. a y2 

35 in which each R in each unit is independently a monovalent organic radical where at least 10 mole 
percent of the total R are phenyl radicals and at least two R per molecule are aliphatic unsaturated 
radicals which react with mercapto functionality and a has an average value of from 1.2 to 1.8; 

an organic mercaptan composed of carbon, hydrogen, sulfur, and oxygen in which there is at least 
two mercapto groups per molecule; 
40 an acrylate monomer having at least one acrylate group per molecule in an amount of at least one 

weight percent based on the total weight of the composition; 

an effective amount of photoinitiator to cause the composition to cure upon exposure to ultraviolet 
radiation; and 

an effective amount of a free radical inhibitor to delay gellation during storage, 
45 the composition has more than two aliphatic unsaturated radicals per molecule in the silicone resin 

when the organic mercaptan has two mercapto groups per molecule or more than two mercapto groups 
per molecule in the organic mercaptan when the silicone resin has an average of two aliphatic 
unsaturated radicals per molecule or both more than two aliphatic unsaturated radicals per molecule in 
the silicone resin and more than two mercapto groups per molecule in the organic mercaptan and 
so amount of silicone resin and organic mercaptan being such that there is from 0.5 to 1.5 aliphatic 
unsaturated radicals in the silicone resin for each mercapto group in the organic mercaptan. 

2. The composition according to claim 1 in which the silicone resin consists essentially of at least two 
siloxane units selected from the group consisting of monophenylsilsesquioxane, monomethylsilsequiox- 

55 ane, dimethylsiloxane, diphenylsiioxane, methylvinylsiloxane, dimethylvinylsiloxy and trimethylsiloxy. 

3. The composition according to claim 2 in which the silicone resins is made up of 20 to 40 mol percent 
monophenylsilsesquioxane units, 10 to 20 mol percent monomethylsilsesquioxane units, 20 to 35 mol 
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percent dimethyisiloxane units and 10 to 30 mol percent methylvinylsiloxane units. 
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